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ABSTRACT
World energy consumption has increased rapidly in the past few years. Due to
population growth, total energy consumption is increasing; a large amount of energy is
wasted on the cooling and heating processes in buildings. However, using thermal
heating management can minimize costs, heat consumption and create a management
system for the heat insulation for buildings. This concept is being implemented through
different approaches. Based on analysis and research, there is an evidence in the energy
consumption before and after testing and applying construction approaches for thermal
heating management in building units.
This investigation addresses an evaluation of the influence of external coatings on
energy consumption. Coatings are considered one of the smart effective available
approaches for energy efficiency. Unfortunately, this approach is not widely applied in
the construction industry. It needs more data to prove effectiveness and credibility
between people to use it as a smart thermal insulation approach. Two precedents have
been analyzed in order to monitor buildings’ heat exposure, and how the buildings will
be affected by thermal insulation materials. Data sheets from chemical companies
which produce similar coatings are compared with the usual products and the protective
thermal products.
The New Egyptian Administrative Capital is considered the new heart of Egypt, where
energy saving concept is taken into consideration from the beginning. This shows that
Egypt is also moving towards achieving the concept of energy conservation. The site
visits reveal a potential for energy conservation up to 70% using protective coatings;
which can be implemented in Egypt. Furthermore, based on interviews with site
engineers and the head of operational projects inside the capital, they are open for
studying more effective approaches for energy savings, as it is highly needed;
especially, in the ministries’ zone.
Keywords: (Energy Consumption, Building Envelope, Thermal Insulation,
Protective Coatings)
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CHAPTER 1: INTRODCUTION
1.1 ENERGY CONSERVATION IN CONSTRUCTION
Thermal energy conservation is considered one of the important approaches to
energy consumption all over the World. Most of the buildings need a heating and a
cooling system from the inside, as the outside is not acting efficiently due to the
surroundings and inefficient use of external building materials. This consumption has
caused global warming on a large scale. Each building is seeking to control the heat
gained inside the building without paying attention to the consequences, or even
thinking of sustainable alternatives that can serve the environment and save energy at
the same time. This lack of awareness has led to overheat consumption from many
different energy sources. In fig.1, the total energy consumption worldwide in the
different categories is shown; the renewable energy consumption is 19%, including all
the subcategories of it; fossil fuel consumes 78.4% from the total energy consumption
in 2013. [1]

Figure 1: Total World Energy Consumption; Fossil Fuel consumes 78.4% which is
Being Used in Generation of Electricity. [1]
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Smart alternatives for energy consumption can start in an early phase of the
construction process. These alternatives can be taken into consideration during the
construction and the architecture process; they minimize the energy used in the building
and serve the sustainable environment. The world needs more saving of its energy,
especially non-renewable energy. This energy conservation can be conducted within a
big community through the buildings’ use of energy, and on a smaller scale, within each
home. If each single house manages the amount of energy used and applies the concept
of sustainability, there will be a great amount saved. This illustrates the importance of
thermal heating management. It has a wide scale influence on the environment and a
small-scale influence on the houses' heating and cooling system in relation to the cost
and the lifetime of thermal heating management. In order to apply this system, building
envelopes can be used as one of the approaches. [22]
The building envelope is considered a general term which can be categorized
on many levels. What it is focused on from the concept of the building envelope is the
materials (Coatings) used on the exterior surface of any building, including the roof.
Coatings are considered a successful approach that are categorized as a building
envelope; they are a smart method for energy efficiency. These materials should be well
selected in order to minimize the heat gain from inside the building. The concept behind
it is to achieve an ecological envelope for homes. This envelope provides the building
with a ventilation system and a suitable temperature. This will minimize electricity
consumption inside the building which can save money for its inhabitants. Residential
buildings are categorized as one of the most energy consuming buildings; that’s why
energy conservation is important to be better implemented in residential buildings. [14]
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According to the United Nations Environment Program, “In most countries,
residential buildings are responsible for a major part of the energy consumption in the
building sector (UNEP, 2007). Studies indicate that buildings in Brazil (commercial,
residential and public services) account for 44.7% of the energy use (electricity): the
non-residential sector accounts for 22.7% and the residential sector for 22% of the total
(BEN, 2007)”. [14]

1.2 GREEN CERTIFICATES AND INSULATION MATERIALS
This section is to introduce how different Green certificates address insulation
materials and the building envelope in their criteria for energy conservation. Nowadays,
the Green concept is spreading all over the world. Many countries started to seek Green
in their lives in order to minimize energy consumption, costs and to save the planet.
There are many buildings in different countries which have applied the concept of
Green during the construction and the design process. Material choices are considered
a very important factor in applying Green. In order to reach this concept, there are many
certifications to prove which category of Green the building is, as shown in table 1. One
of these International certifications is LEED certification. LEED has four levels of
applying the Green building concept. There are buildings all over the world which are
certified, as illustrated their requirements in table 2. In Egypt, certain commercial
buildings have received LEED certification. [4]
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Table 1: International Ecological Building Rating Systems. [4]
International System

Country

Introduced Data

BREEM

UK

1990

LEED

USA

1998

CASBEE

Japan

2001

GREEN STAR

Australia

2003

Table 2: LEED Requirements for Existing Buildings 2009. [4]
LEED 2009 Minimum Program

Requirements

Minimum Floor Area

93 m²

Minimum Occupancy Rate

12 continuous months

Building Energy and Water Usage Data

A period of at least 5 years

Minimum Building Area to Site Area

No less than 2% of the gross land area

Ratio

Table 3: Comparison between LEED Home and Code-home Cost. [4]
Comparison

Code Home

LEED Home

Difference

Savings

Criteria

($)

($)

($ Month)

($ Day)

Sticker Price

300,000

308.500

-

-

Mortgage

1,890

1.945

+ $ 55

+1.80

Energy Bill

150

105

-$ 45

- 1.50

Water Bill

30

20

-$ 10

- 0.30

Net Cost of

2.070

2.070

$0

0

Payment

Ownership
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The first step towards Green buildings and minimizing energy consumption is
a cost comparison between LEED home and code home, as reflected energy savings
shown in table 3. This is the code home of the United States compared to the LEED
home costs. It shows that the initial cost of LEED home is higher than the code home,
yet the energy consumption is higher in the code home than the LEED home standards.
Taking a step forward, Egypt has initiated its national certification towards Green and
energy saving. The Green Pyramid is the Egyptian certification towards going Green,
as shown in table 4 and table 5. [4]

Table 4: LEED Certificated All Over the World. [4]
National System

Country

National System

Country

GREEN GLOBES

Canada

Hkbeem

Hong Kong

GBAS

China

IGBC Tools

India

GREEN
PYRMAID

Egypt

Protocolloitaca

Italy

PRMISE

Finland

Lider A

Portugal

HQE

France

Green Mark

Singapore

DGNB

Germany

Verde

Spain

Table 5: Green Certificates All Over the World. [4]
Scheme

BREEMAMUM

Country

United Kingdom

LEED US
United States

CASBEE

NABERS

GPRS

Japan

Australia

Egypt

of America
Definition

The Building

Leadership in

Comprehensive

The National

Green

Research

Energy and

Assessment

Australian

Pyramid

Establishment

Environmental

System for

Built

Rating

Design

Building

Environment

System
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Introduced

Assessment

Environmental

Rating

Method

Efficiency

System

1990

1998

2001

2003

2009

2008

2009

2007

-

-

Date
Updated
Developed

Building

US. Green

Japan Green

Green

Egyptian

By

Research

Building

Building

Building

Green

Establishment.

Council

Council

Council of

Building

UK (BRE)

(USGBC)

(JAGBC)

Australia

Council

(GBCA)

(EGBC)

Scope

Offices, Retail,

New

New

Office

Residential

Industrial,

Construction,

Construction,

Interior,

Offices and

Education, Eco

Existing

Existing

Office

Sustainable

Homes, Health

buildings,

Construction,

Existing

Cities.

Care, Multi

Commercial

Urban Area and

Building,

residential,

Interiors,

Building Heat,

Shopping

Courts, Prisons

Schools,

Island Homes

Center

Retail,

Design,

Healthcare,

Healthcare,

Homes

Education,
Multi unit
Residential
and Mixed
Use

Category

Management

Sustainable

Energy

Management, Sustainable

Heath&

Sites, Energy

Efficiency,

Indoor

Developme

Wellbeing,

and

Resource

Environment

nt, Water

Energy,

Atmosphere,

Efficiency,

Quality,

Saving,

Transports,

Water

Local

Energy

Energy

Water, Materials

Management,

Environment,

Transport,

Efficiency,

Waste, Land use

Materials&

Indoor

Water,

Materials

and Ecology

Resources,

Environment

Materials,

Selection,

Pollution

Indoor Air

Land use and

Indoor
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Quality,

Ecology,

Environme

Innovation in

Emissions

nt Quality.

Operation,

and
Innovation

Score

- Pass

- Certified

- Poor

- Four Star

- Silver

- Good

-Silver

- Fairly Poor

-Five Star

- Golden

- Very Good

- Gold

- Good

- Six Star

- Green

- Excellent

- Platinum

- Very Good

- Outstanding

Pyramid

Excellent

Figure 2: First LEED-Gold Certified Building in Egypt Smart Village is HSBC. [2]
HSBC Bank is one of the leading projects in Egypt which has received the
LEED certification, as shown in fig.2. There are many other projects which have
received LEED certification, such as Dar Al Handsa in fig.4, and also, Siemens
Company building received LEED certification, as shown in fig.5. One mega project,
a complete commercial complex for Smart Village is based on Green factors receiving
LEED certified buildings and having achieved successful merits in the Green industry.
The Smart Village is a complex based on Green, as shown in fig. 3. The common merits
between fig.2, fig.3, fig.4, fig.5 and fig.6 are that all these buildings received the LEED
certification according to their building classification, floor areas and occupancy rate,
as illustrated before in table 2. [2]
16

Figure 3: Dar Al Handasa Building-Smart Village; LEED certified. [2]

Figure 4: Smart Village; Consistency, Green Concept and Sustainability. [2]

Figure 5: Siemens Certified LEED Building. [2]
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Figure 6: LEED Certified Apartments in the Woodlands, Texas – The Millennium
Waterway Ave. [12]
The Millennium Waterway Ave is considered one of the projects which has
received LEED silver certification; it is the first certified residential project in The
Woodlands in Texas, as shown in fig. 6. There are energy and Green benefits in such
projects; a better life quality and less utility consumption. Having such residential
projects winning LEED certification is a strong approach towards the Green concept in
this specific sector as it presents energy conservation through different factors, which
protective coatings are one of them. [12]

As explained from the project description of The Millennium Waterway,
“Designed as a luxury sustainable apartment community, The Millennium Waterway
Ave is a joint venture between The Dinerstein Cos. and The Woodlands Development
Co. In 2011 the four-story, 393-unit project became the area’s first LEED(R) Silver
certified apartments, and is one of the greenest apartments in Texas”. [12]

18

1.3 OBJECTIVE SCOPE
The objective of this study is to evaluate the influence of specialized protective coatings
on energy consumption on the external walls of residential buildings. In order to meet
this objective, literature review, analysis, precedents, methodology, field trips,
technical sheets and lifecycle cost analysis are being conducted and analyzed to be able
to come up with a developed approach to minimize energy consumption in residential
buildings.

1.4 VARIOUS MATERIALS AND TECHNIQUES USED FOR
ENERGY CONSERVATON
1.4.1 GREEN HOUSE STRUCTURE AND ENERGY EFFICIENCY
The Green concept has its own variables and criteria for energy efficiency.
Green starts from the outside to the inside. The outside part includes materials used
(Coatings and paintings), green areas and its response to external buildings’ walls [6].
The inside includes paintings, coatings, air ventilation and heat exposure inside the
apartment. All these elements have two different approaches; it is either a Green
approach or the usual non-environmental approach which consumes more energy. [1]
1.4.2 ECO BUILDING MATERIALS FOR INDOOR AND OUTDOOR
COATINGS: [22]

1.4.2.1) Reflective Indoor Coatings
1.4.2.2) Phase change materials
1.4.2.3) New insulation foams
1.4.2.3.1) Insulation in wall cavities
1.4.2.3.2) External Insulation
19

1.4.2.1 REFLECTIVE INDOOR COATINGS
Indoor coatings are being used as a part of the indoor paintings for interior
spaces. It has various functions and uses. Different colors of paintings can have an
effect on the way gets inside the space. Also, these coatings maximize the feeling of
space and lighting. As a result, the use of artificial lighting will be decreased up to 20%
because of the maximum use of natural light. [24]
"In recent tests, reflective indoor coatings have shown a life expectancy of 510 years without losing any performance” [1]. These coatings are long run efficient as
it decreases the electricity consumption and HVAC consumption, as well. This makes
these coatings a bit higher in cost than the normal good quality paints, “The effect of
using these coatings is the highest in climate zones which suffer from limited daylight
intensity and duration (North and middle Europe)”. [24]
1.4.2.2 PHASE CHANGE MATERIALS (PCM):
Phase Change Materials “PCM” are considered semi-finished materials which
are available in the market. Its ingredients are plaster, cement, plasterboard and
multifunctional wall and roof modules. PCM is being used in interior walls and ceilings
as well as it permits the absorption and storing of excessive heat during the day. PCM
increases the thermal inertia of the wall and ceilings as it makes them behave like the
old-fashioned thick stone walls; this is to dissolve that excessive heat during the night
when air temperatures have gone down. PCM is also containing walls and ceilings to
reduce fluctuations of the inside temperature (especially reducing the number of hours
that the inside temperature exceeds 26˚C which is normally the threshold to initiate
active cooling) and thus, saves energy. [24]
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“In recent tests, PCM has demonstrated to have a life expectancy of 30 years
without losing any performance. In concrete cases, it has been shown that up to 10% of
cooling energy can be saved. In addition, the PCM allows downsizing of the air
conditioning (AC) system which reduces the investment required for this AC system”
[1]. As shown in fig.7, it illustrates the conventional system of internal temperature
compared to PCM system internal temperature; it shows the difference in the internal
temperature throughout the hours of the day, and how the temperature in PCM
decreases in different timings throughout the whole day. [24]

Figure7: The Difference between Conventional System and PCM of Internal
Temperature. [1]

1.4.2.3 NEW INSULATION FOAM
Advanced insulation foams with high insulation performances allow significant
energy savings and can be adapted to different building’s configurations. It’s estimated
that these high-performance foams can reduce the energy costs of heating by 30%-80%.
[24]
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1.4.2.3.1 INSULATION IN WALL CAVITIES
Cavities are what is between wall layers; its wall insulation fills this space
between the two layers of the external wall of a building. Wall cavity can be injected
with foam; this is a part of an energy efficiency refurbishment. Yet, the cavity is filled
up using rigid pre-foamed panels attached to the wall if it is a new construction building.
Each ‘stack’ is varied based on the characteristics of the wall, climate and orientation
of the building. There are other materials’ choices, which are based on fire resistance,
mechanical strength, stability, water absorption, permeability and cost. “For most
applications, the lifetime expectancy of these insulation facade systems is up to 20
years”. [1]. As elaborated in fig. 8 and fig 9, an example of how the wall is being
injected by showing a cross section of each layer and material in the wall layers. [24]

Figure 8: Wall Thermal Insulation Layers and Wall Injection throughout the Cavities. [1]
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1.4.2.3.2 EXTERNAL INSULATION
This method is done through adding efficient energy saving materials as part of
the outside wall layer. This works as an external coating to minimize heat gained inside
the building, which leads to a lesser need for more electricity (energy) consumption.
This is considered another approach of coatings used when there are no wall cavities,
as it maintains the thermal storage capacity. Fig. 9 shows the layers and composites of
the external wall insulation. [23]

Figure 9: External Wall Insulation Cross Section. [1]
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CHAPTER 2: PRECEDENTS
There are some international and national projects which have applied similar
approaches for energy conservation concept. Coatings are considered an advanced
approach which is not widely known in the construction industry. Unfortunately, not
many people know about it due to lack of awareness and its cost. On the architectural
level, using architectural solutions for the buildings, such as specific cladding materials,
green materials, and smart ventilation systems can save huge amounts of energy. These
small key words represent “Coatings" which is using a sustainable envelope. This
concludes the scope of this study which is to introduce the concept of energy saving
through external protective coatings and to state where Egypt stands from this
advancement. [2]
A study in sustainable energy potential in the Egyptian residential sector has
been conducted in 2011/2014 in Egypt. It showed how the energy consumption varies
from sector to another, and how it varies among the different sectors. The residential
sector is the most energy consuming sector among the rest of commercial,
governmental, agriculture, public utilities and industrial sectors. This means that if this
energy can be minimized and saved, the potential of energy saving in Egypt will be
more feasible and can be implemented. The subsidies of the residential sectors are like
lighting, fridges' electricity, air conditioning, etc. However, there are three main
subsidies that also control the energy consumption of residential buildings in Egypt.
These three subsidies are Lighting systems, kitchen appliances and air conditioners.
People seek instantaneous non-environmental solutions to these subsidies for a better
lighting system all day, better air ventilation and a more comfortable life style without
paying attention to the consequences that can lead to a real damage in the energy
consumption rate all over Egypt. [2]
24

Figure 10: Electricity Consumption 2011-2014 (Left)-2014 (Right). [2, 21]

As it is shown in fig. 10 and fig. 11, a study which has been conducted in
2011/2014 shows that the residential sector is the most energy consuming sector which
takes 42.3%. Also, each of the residential units consists of energy consumption factors,
such as home appliances, lighting, air conditioners, kitchen appliances, and others. [2]

Figure 11: Energy Consumption 2011-2014 (Left)-2014 (Right). [2, 21]
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2.1 National PRECEDENT- Al Wardan Institute-Renovation
(Alexandria- Egypt)
Initial approaches have been applied in Egypt. Al Wardan Institute is an actual
case study which was redesigned for minimizing heat exposure inside the buildings of
the complex, as shown in fig. 12. This automatically has led to a decrease in energy
consumption inside the whole complex. Moreover, an international study has applied a
thermal insulating concept. Although, both of the national and international precedents
are seeking energy saving, there is no focus on introducing protective coatings’
approach. And all these are considered various approaches to introduce protective
coatings to the Green market and the sustainable environment as part of the energy
saving process. Especially, data sheets from different chemical companies and studies
from the International Institute for Applied systems and the Building Performance
Europe Institute prove that these protective coatings save up to 50% of energy
consumption inside the buildings; this is will be discussed more in the paper. [4]

Al Wardan Training Institute is located on Cairo/Alexandria desert road, 6th of
October, Egypt. It is a staff housing where the sun heat is penetrating the buildings. This obliged
them to use air conditioning systems for a better ventilation from the inside. The methodology
of enhancing energy consumption efficiency was to calculate the energy consumption and the
costs of different electricity supporters. This hostel was having problems in how the heat is
gained inside the space, and how the exterior is engaged in such a real problem for its users.
That’s why; renovation took place in this hostel; fig .12 shows the location in Egypt, and fig.
13 reflects the proposed layout for the staff housing. [4]
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Figure 12: Wardan Institute after Renovation. [4]

Figure 13: Wardan Institute Master Plan. [4]
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Fig. 13 is a master plan of the whole complex; it shows the sectors in each unit
and its areas. The project has various activities. It is not only residential buildings, but
also it has a school of engineering, a social club, a medical Centre, villas, a theatre, an
administration building, a mosque, and other facilities. Fig. 13 shows the master plan
after the renovation, and how Green concept can achieve this transformation. This
project has implemented various Green approaches, such as thermal insulation
materials, solar panels, walls' redesign and achieving smart air ventilation systems for
the whole complex. [4]
Fig. 14 and fig. 15 shows the scale of the project, and the existing status before
renovation. The materials of the existing building units (the villas) are shown in table
6. Also, the zoning of the functions inside the complex serves the same concept, as
shown in the following tables of Al Wardan zoning. [4]
Al Wardan Zones

Description
- Workshops building (24

Educational Zone

workshops)
- Laboratories (14 labs)
- Classrooms (47 classrooms, 3
drawings, conference hall and
staff offices)
- Main Library
- Administrational building

- Students Housing (288 double
rooms)
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- Visitors Housing (15 double
Residential Zone and Sports’ Zone

rooms)
-Experts Housing (36 double
rooms)
-Staff Housing (18 blocks with
280 flats)
-Executive villas (8 villas with
360 m2, 3 villas with 600 m2)
Sports’ Zone:
- Olympic swimming pool
-Sports and social club
-Sport

courts

(football,

basketball, volleyball, tennis
and track)

-Main

restaurant

&

Main

Services Zone

Kitchen
-Laundry
- Bakery
- Electrical Station
-Water Station
- Boilers Station - Schools
-Super Market
- Clinic - Registration building
- Inside Train Station

29

- Mosque
-Parking Area - Fire Fitting
Department

Figure 14: Simulated Sectors and Spaces of the Institute. [4]

These previous pictures in fig. 14 show the scale of the project, and how it has
various functions and spaces which energy efficiency is an issue to be argued and find
alternatives for better energy conservation.

30

Staff Housing Area

- 18 housing units with 4 floors
- 8 villa with 2 floors (total area 360 m2)
villa (A)
- 3 villa with 2 floors (total area 600 m2)
villa (B)
- 3 schools

Staff housing villas (A)

- Super Market

Executive Villa (a), 2009

Executive Villa (b), 2009

Villa (a) northwest perspective

Villa (b) northwest perspective

Villa (a) southwest perspective

Villa (b) south elevation

Figure 15: Sectors and Spaces of the Institute. [4]
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Table 6: Buildings’ Materials in Al Wardan Project.

Items

Flooring

Walls

Windows

Doors

Entrance

Mosaic

Cement

Soft wood Painted

and

tiles

plastering

shutters

soft

and glass

wood

living&

Piping

Energy

-

Electricity

-

Electricity

Electricity

Dining area
Office

Kitchen

Bedroom

Bathroom

Terrace

Soft

Cement

Soft wood Painted

wood

plastering

shutters

soft

and glass

wood

Ceramic

Ceramic

Soft wood Painted

Lead,

tiles

tiles

and glass

soft

asbestos

wood

and steel

Soft

Cement

Soft wood Painted

wood

plastering

shutters

soft

and glass

wood

-

Electricity

Electricity

Ceramic

Ceramic

Soft wood Painted

Lead,

tiles

tiles

and glass

soft

asbestos

wood

and steel

Mosaic

Cement

Soft wood Soft

tiles

plastering

shutters

wood

and glass

shutters

-

Electricity

and
glass
Roof

Elevations

Ceramic

Cement

-

-

tiles

plastering

-

Mud brick Soft wood Painted
with

shutters

soft

cement

and glass

wood

plastering
and lime
stone
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Cast iron -

Cast iron -

After the observations, modifications have been implemented on the
apartments’ divisions and external facades’ design. The life cycle costs of local
electricity, PV panels and Diesel Generators have been calculated and compared
between the results. In addition, the amount of heat gained inside the housing has been
calculated. The Wardan staff housing results of the heat gain and loss degrees have been
reported. A comparison between the old and the proposed has been made. This
comparison demonstrated that energy consumption of buildings can be treated through
construction and architecture solutions in the design itself. [4]
The used insulation materials and modified wall angels minimized the energy
consumption inside the housing units. The apartment units had less heat exposure and
more air ventilation through having wider openings (windows and balconies). These
openings enhance air circulation inside the apartment. Fig. 15shows the modified
drawing of the designed plan. It gives more openings for air circulation and moderate
sun heat inside the buildings. Fig. 16 shows self-shading devices from the building form
itself which maintain less direct sun exposure in sunny facades; and this is how it got
implemented on elevation as it is shown in fig. 17. [4]
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Figure 16: Proposed Air Ventilation in Plans. [4]

Figure 17: Proposed Air Ventilation Systems Inside Buildings (Section). [4]
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Figure 18: Design Solutions in the Facades. [4]

Table 7: Electricity Costs. [5]

Photovoltaic
Panels

Items
Electricity
Cost (kWh)

0.30S

Diesel
Generator

Unavailable
Local
Electricity
without G.S.

0.39S

0.32S

Local
Electricity
with G.S.
(Just in Case)
0.07S

This shows that the concept of energy saving is knocking the doors in Egypt
which is a good indication for expansion. This will give people an incentive to apply
sustainable coatings for less energy consumption because this will lead to less
electricity consumption and more space efficiency. [4]
Al Wardan (Alexandria) staff housing shows the different items for providing
energy and their costs in table 7. This project has introduced different factors of energy
efficiency, and how it can be minimized through other alternatives. One of these
alternatives was through using insulation materials as a tool to minimize heat gained
inside the building and achieving the concept of the building envelope. So,
experimentations and trails have been introduced, as shown the following table.
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Table 8 introduced sun heat exposure throughout the whole day directed on the
buildings' facade. This is a primary step in order to be able to apply an efficient building
envelope on the buildings; table 8 illustrates the results of energy observation inside the
building before changes. Fig.19 illustrated the proposed ecological system to be
implemented on each unit, while table 9a and 9b show the final budget is cheaper than
the typical and proposed renovation. [4]
Table 8: Temperature Readings. [4]
Date

Time

8:00
1/7/2010
AM
8:00
15/7/2010 AM
8:00
1/8/2010
AM
9:00
15/8/2010 AM
9:00
31/8/2010 AM
5:00
1/7/2010
PM
11:00
15/7/2010
PM
5:00
1/8/2010
PM
7:00
115/8/2010 PM
7:00
31/8/2010
PM

North Room
Out
In

East Room
Out
In

South
Room
Out
In

West Room
Out
In

26

28

28

29

30

28

28

29

26

29

29

29

32

30

27

30

29

30

29

30

30

29

29

30

30

28

30

31

34

31

29

32

30

29

30

31

34

31

30

32

34

30

30

29

30

32

34

32

34

31

30

29

31

33

34

32

35

32

31

30

31

32

36

32

36

33

32

30

33

34

35

33

36

33

33

31

33

33

35

33

Figure 19: Proposed Villa and Its Ecological System. [4]
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Table 9a: Comparison Between the Typical and the Proposed Renovation. [4]

Table 9b: Comparison Between the Typical and the Proposed Renovation. [4]
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2.2 INTERNATIONAL PRECEDENT-CEPT UNIVERSITY
Centre for Environmental Planning and Technology- Net Zero Energy Building
There was a study in India conducted by the Indian Forum which has reflected the
building energy consumption. Their vision was "To enhance awareness of using
thermal insulation in building envelope and cold chain industry for energy conservation
through coordination with Government bodies & nodal agencies" [19]. It showed the
different energy consumption of each building unit. Statistics have been taken to
measure the amount of consumption throughout the years; this will be illustrated more
in the methodology chapter. [5]
The Indian Forum conducted a study about energy consumption and the factors
which increase its consumption in the buildings, as shown in fig.20. There are various
examples of projects which have applied energy saving approaches in the buildings,
such as thermal insulation and protective coatings. CEPT University in India is the
international example of energy conservation concept. [5]
Miscellenious
5%

Ventilation
Fans
16%

Lighting
22%
Air
Conditioning
57%

Figure 20: Residential Units’ Energy Consumption in India. [4]
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The methodology was to calculate building energy consumption and the total
primary energy supply and use. These statistics have been calculated from 1992 until
2000. There are smart materials, which support the circulation of heat and air ventilation
in the buildings, especially if the building classification is an office building where
many air conditioning systems are being used. Rigid insulation materials and mineral
Insulation materials, such as rock wool, slag wool, and glass wool achieved success in
thermal insulation.
The rigid materials are Extruded Polystyrene Foam, Polyurethane Foam,
Polyisocyanurate Foam and Expanded Polystyrene Foam. According to Energy
Statistics in 2012, “The building sector represents 34% of the country’s final electricity
consumption”; fig. 21 shows the increase in the final electricity consumption per sector
in India. [5]

Energy Consumption in India
3.5
3
2.5
2
1.5
1
0.5
0
1990

1995

2000

Agriculture

Industry

Commercial Sector

Residential Sector

2005
Transportation

Figure 21: Building sectors’ Energy Consumption in India. [5]
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2010

In this case, an insulation envelope was a suitable solution for enhancing the
temperature of the building unit. An insulation envelope is presented in using insulation
materials which minimize the heat loss gained inside the building and keep an efficient
heating/cooling cycle, as shown in fig. 22a and fig. 22b. [5]

Figure 22a: Wall Insulation envelope effect; the Insulated buildings absorb
less heat inside 31 degrees’ throughput morning and afternoon hours. [5]

Figure 22b: Difference between Roof Insulation heat exposure between the normal
RC slab and the insulation cladding. [5]
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Fig. 23 reflects the impact of insulation on the building units. This has been
applied on roofs and walls; after applying insulation materials. Reduction in heat inflow through roof was achieved by 90% and through walls by 70%. [5]

Figure 23: Reduction in Heat in Buildings after Applying Insulation Materials. [5]
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2.3 ENERGY SAVING IN BUILDINGS USING REFLECTIVE
COATINGS
The building envelope is considered the interface between the interior and the
exterior of the building, and this includes the walls, roofs and the foundation of the
building itself. This envelope controls the thermal heating and the amount of energy
coming inside the building. There are various types of coatings based on the building
classification and the surrounding environments; this will be elaborated later in the
paper. There were analyses about coatings on the roof tops and the walls. “The results
of these analyses indicate that significant energy savings from high reflectance surface
coatings are achievable not only with cool roofing products but also on vertical
surfaces, such as wall panels and window frames. These coatings also provide
reductions in cooling loads and design airflows, potentially allowing equipment
downsizing and first cost reductions.” [2]

2.4 CASE STUDY: THE NEW EGYPTIAN ADMINISTRATIVE
CAPITAL AND ENERGY CONSERVATION.
The new Egyptian administrative capital is considered the current mega project
in 2017 in Egypt. It has initial approaches towards minimizing energy consumption
through thermal insulation materials as one of the approaches. However, the
conventional materials are being used. An actual case study is being conducted on one
of its residential buildings comparing the amount of energy saved for both of the
conventional coatings and the protective coating, especially thermos shield material. A
cost lifecycle analysis is implemented and calculated the differences in the energy
consumption and cost analysis. This will be illustrated more in the coming chapters in
the paper.
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CHAPTER 3: EXTERNAL COATINGS FOR ENERGY
CONSERVATION
This chapter provides findings and analysis of previous discussed protective
coatings and their impacts on energy saving. Fig.24 illustrates how the world
production of paints and coatings in 2016; the Middle East produces an obvious
percentage comparing to other countries. [18]

Figure 24: World Production of Paints and Coatings. [18]
Unfortunately, little work has been done to identify the influence of coatings on
energy consumption. These types of coatings are based on the site merits and functions
of the buildings. For example, Carbon nano Coatings is one of the successful energy
saving coatings, yet it is being used in big scale projects, such as commercial buildings
and mega projects. There are different types of coatings in the construction industry
that are categorized as a building envelope. However, they differ according to the
building classification and the building envelop type. There are various types, such as
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that are categorized as a building envelope. However, they differ according to the
building classification and the building envelop type. There are various types, such as
wood coatings, plastic coatings, metal coatings, paper and film coatings, and packaging
coatings. [18]
The whole idea is about protecting a surface of an object whether it is a wall, a metal
sheet or a wood sheet. The following coatings are the selected ones according to the
scope of the study: [18]
•

Solar control coatings

•

Carbon nano coatings

•

Cool Roof coatings

•

Protective coatings

3.1 SOLAR CONTROL COATINGS (SCC)

Figure 25: Solar Panels on Facades. [1]

Solar Coatings consist of small deposits of appropriate materials, which interact
with electromagnetic radiation. This comes through absorbing or reflecting these solar
panels of these particles. This interface with electromagnetic light takes 50% of energy
gained from sunlight; as shown in fig. 25. The sun heat gained inside the building can
be controlled and minimized by these solar control coatings. There are certain
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properties which solar control coatings should be contained. These are the following
properties: [1]
•

Solar Control Coatings must have high transmittance in the visible region in
order to let light pass through the window.

•

The optical properties in the infrared region, however, might be different,
depending on the application, such as in what kind of climate the coatings
will be used.

•

The ideal SCC for climates should maximize the solar radiation entering the
building while minimizing the heat escaping from it, and this is achieved by
using Low-E glasses. These glasses have coatings that are transparent to
short-wave infrared radiation, allowing most energy from the sun to pass
through.

•

SSCs should reflect long-wave infrared radiation, which means that most of
the energy coming from heating the building, with a longer wavelength, will
not pass through the window and escape.

•

SCCs for warm climates should minimize solar radiation entering a
building; so, the materials should be highly reflective in the infrared region.
These kinds of coatings are normally referred to as heat mirrors.
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3.2 CARBON NANO COATINGS
Nano particles have a large surface area to volume ratio, which makes them
highly interactive. This makes few numbers of particles enough to produce large
effects. “Researchers of the Fraunhofer Institute for Chemical Technology ICT in
Pfinztal are using these characteristics to create novel coatings. They are incorporating
active nano materials into polymer systems. “These coatings can be applied easily like
paint or varnish” [3]. The integration of nano particles in the plastic system provides
extra safety.

In addition, the binding forces prevent the uncontrolled release of

individual nano particles. The process is adaptable to process varied nano materials. [1]
Additional advantages: [1]
•

Small numbers of substances can be bound in a friendly environment, waterbased systems of plastics that release hardly any volatile organic
compounds.

•

These coatings can be applied directly without first requiring a primer coat;
experts refer to this property as "direct-to-metal"." In addition, the layers
prevent oxygen from reaching the metal and thereby protect the structure
from corrosion.
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“Researchers at Fraunhofer ICT worked together with partners in industry under a
project funded by the German Federal Ministry of Education and Research (BMBF) on
novel Nano-coatings for metallic wire and strip. Experts have developed thermo
chromic coatings; these kinds of coatings have been introduced the color change based
on their temperature” [1].
A coating mechanism aims to absorb heat or become transparent and permit its
reflection. Metal strips preserve certain properties when coated in this way. “If
temperatures are below 30 °Celsius (about 86 °F), the black coating absorbs heat”; and
when it is getting warmer, the color changes. The paint which has now become
transparent, allows the infrared radiation to be reflected,” Schmid explains. They can
be interwoven and used as an exterior self-regulating thermal cladding for walls and
façades to help cool buildings passively and thereby reduce operating costs. [1]
The researchers are working on additional nano-systems, such as coatings with
luminescent properties. “The coatings can also help clearly differentiate branded
products from pirated copies, since pirates do not have these kinds of luminescent nanocoatings at their disposal”. [1]
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3.3COOL ROOF COATINGS AND HIGH REFLECTANCE
AND DURABLE OUTDOOR COATINGS

Figure 26: Heat Effect on Roofs. [2]

This type of roof coating is reflective to heat for roofs. Life time of this roof coating
lasts for 6 to 7 years, as shown in fig. 26. It is considered a flexible coating which is
ready for use anytime. This kind of coating is seeking the principle of continuous
rejection of UV (Ultra-Violent) and IR (Infrared Resistant) Rays, which prevents the
roof from getting heated up. “Ultraviolet and Infrared Resistant – Continuous rejection
of solar heat resulting in drastic reduction of roof heat. Increase in temperature due to
heat radiation from the roof is stopped, keeping the coated area comfortable even in
peak summer afternoons”. This is because it reflects the heat from getting inside, and it
does not affect the roof materials from being heated up in all seasons. This prevents the
roof air from getting hot temperature keeping the rooms well ventilated and cool. It
keeps the building surviving for a longer period. There are many advantages to this type
of roof coating: [2]
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•

Being cool even under intense sunlight conditions.

•

Maintaining a higher level of productivity from the staff.

•

Lowering costs up to 40% of humidification and air conditioning

•

Having an efficient reduction of roof heat up to 20°C.

•

Completing Green solutions (High SRI value, no hazardous/toxic substance, Low
VOC, saving energy) helps reducing carbon footprints.

•

Blocking 90% of solar infrared rays and 85% of ultraviolet rays by “EXCEL Cool
Coat” keeps the roof cool, even in peak summer.

•

Reflecting UV and IR rays back to the atmosphere.

•

Minimizing the need for false ceiling.

•

Having more of the sunlight reradiates more of energy

•

Having the flexibility of coating any roofing material or sidewalls.

•

Helping in reducing the emission of greenhouse gasses.

•

Resisting to water, fungus and mold.

•

Improving the efficiency of roof ventilators.
These coatings reflect sunlight radiation both in the visible and infrared parts of

the spectrum. When applied to roofs and walls, the reflection of the sun’s energy
reduces roof and wall temperature. Therefore, it reduces the heating of spaces
underneath the roof and inside the walls, as illustrated in fig. 27. High reflectance and
durable outdoor coatings applicable on building roofs and walls in hotter climate
regions can save up to 15% of air conditioning energy consumption while also allowing
for down scaling the size of the air conditioning system. Life expectancy of this
technology is 12-15 years depending on the climate. [2]

49

Figure 27: High Reflectance and Durable Outdoor Coatings. [2]

Costs of applying these coatings are affordable; they also offer reasonable
payback times. In case a roof needs re-painting for maintenance reasons, then choosing
a high quality, low LCA solar reflecting paint is an obvious smart choice especially in
sunny, Southern European cities. [2]

3.4 PROTECTIVE COATINGS (Exterior Wall Coatings)
There are various types of protective thermal coating for external walls. These
coatings enhance walls' efficiency and energy saving for the building. It serves longterm efficiency for the walls. The important part in these coatings is that it is being used
in different residential buildings not only abroad, but also in Egypt. These materials
have the same chemical ingredients, yet chemical factories classify them according to
their companies. This means that there are various chemical factories manufacture the
same product with different brand names, but it carries the same chemical interaction.
In this paper, two types of protective coatings will be elaborated according to their
efficiency and environmental influence. [13]
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•

Thermo-Shield

•

Nu-Guard NRG Energy Efficient Coating Systems

"THERMOSHIELD is considered heat insulated mortar with high quality. This
insulated mortar is designed for interior and exterior solutions. Table 10 shows the
technical data sheet of Thermo-shield material. This material has its own insulating
properties which make it unique in the market of high quality mortar. Its classification
is "ASTM C195 (USA) American Society for Testing and Materials" [14]. It has the
following advantages: [9]

Table 10: Technical Data for Thermo-Shield-Values are based on 2.5 cm thick air-dried. [9]
Bulk density
Mortar density after addition of water
Compressive strength after 28 days
Weight of set mortar
Thermal conductivity (K)
Over all heat transfer coefficient (U)
Resistance value (R)
Grade
Coverage (2.5 cm application thickness)
Wall application thickness
Double wall application thickness
Roof deck application thickness
Pot life
Curing time
Mixing ratio

0.370 kg/L
800-900 kg/m³
3.3 N/ m³
400-450 kg/ m³
0.1028 W/m ℃
0.36 W/℃
2.78 ℃/W
0/2/mm
2 m²/ 23kg bag
2.5 cm
5 cm -10cm
2.5 cm -5 cm
3 hours
14 days
16L Water: 23 kg

•

Reducing heat absorption

•

Reducing of heat transfer by 40%; so, it maintains cooler temperature for the
units.
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•

Working as sound and heat insulation, yet this is not valid in the regular type
of mortar.

•

Working for double wall design, roof and single walls. This encouraged its
spread in the market, as it is flexible in its use and application; in the following
fig. 28, it shows how it is coated in both of the double and single walls, and
its application in the roof deck as well. [9]

•

Conserving Energy

•

Reducing Noise

•

Retarding fire

•

Having light weight

•

Having direct application

•

Being safe for the environment

•

Being eco-friendly
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Figure 28: Cross Section Details for Thermo-Shield Application in the Walls and the Roof Deck. [15]
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3.4.1 HYDRON PROTECTIVE COATINGS- Nu-Guard NRG Energy
Efficient Coating Systems
Nu-Guard systems are being used for the exterior and interior walls as a
protective coating. They are being tested based on their usage both inside and outside.
Also, they are mainly designed to reduce electricity consumption. This system is
applied on the residential, commercial and industrial buildings. The overall reduction
of electricity consumption is a result of applying “Hydrons range of Nu-Guard NRG
coatings". [13]
Advantages of Nu-Guard systems: [13]
•

Losing heat;" Wet walls transfer heat twice as quickly as dry walls"

•

Saving money by reduction of electricity consumption.

•

Protecting the buildings from water ingress considering that water
ingress results 80% of masonry damages.

There are two types of Nu-Guard “NRG” systems, which are the clear and the
color system. This provides the client with more varieties to choose from. It adds an
artistic sense to their selection which encourages people to choose them for an
environmental approach and an artistic approach. [11]

Therefore, they serve two functions through using "the most technological
hybrid chemistry available that can effectively deal with the elements and the disruptive
influences of even the harshest climates, creating endless value to those who benefit
from the technology"[13]. Both systems are considered "hydrophobic coatings" which
maintain self-cleaning mechanism keeping the building clean. This is because it can
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take the dirt particles away by water droplets which come from the rain. It has other
advantages, such as the following: [11]

•

Enhancing thermal properties for 15 years and above-fully function
properties

•

Reflecting and Insulating heat

•

Affecting moisture penetration

•

Reducing thermal conductivity of building materials

•

Protecting against adverse common defects caused by weathering
influences

•

Achieving hydrophobic water repellency (self-cleaning properties)

•

Maintaining complete breathability of building materials- Water vapor
permeability

•

Being permanent-UV stability

•

Resisting to dirt, pollution and stain

•

Reducing efflorescence

•

Reducing Sound properties

•

Producing chemical and abrasion resistant

•

Advancing fire resistance

•

Preventing of moss, algae forming upon surface.

•

Applying to any mineral based substrate and pre-existing coated surface

•

Having flexibility-Available in various colors
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3.5 PROTECTIVE COATINGS’ MARKET
There are positive approaches from the market towards better energy saving.
For example, there are some material’ producing companies that use the same material
in their paints. The best outcome is that there are clients going in the direction of energy
saving. Though, they are not many, they make the product purchased from its market;
so, it can be found when different companies are selling the same coating material, yet
with a different brand name. Thermo-Shield is one of these coating materials, which
are being used in various companies, such as Jotun and Sika, while they are the same
effective material. [10]
Jotun is considered one of the leading companies in building materials in Egypt
and abroad, as well. It has various materials and coatings which vary according to the
building function and the location. It has a strong online database which can be a good
reference for any material a client is searching for. Also, safety data sheets give the
reader enough background about the product and its chemical ingredients, especially
the projects which have used Jotun products. Other information included is and what
are the most suitable materials for your building based on its function and location, as
it is mentioned before. Protective coatings take a separate section in the Jotun database
for building materials. It is a vast key word, yet the part which is included in this study
is protective coatings in the construction industry for exterior walls. The main use of it
is to minimize heat temperature from getting inside the building, in order to make the
inside stay air ventilated for as long as possible. As a result, electricity consumption
will be decreased and electricity consumption will be cheaper, as well. [10]
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Jota-shield Thermo is identified in Jotun as a protective coating which is being
used specifically in residential buildings/exterior walls to minimize heat gain inside the
building. Also, this protective coating has its own primer which is called Jota-shield
Thermo Primer. This primer works as a protective layer underneath the Thermo shield
paint. It is a good binder between cement and Jota-shield Thermo (final paint layer).
The advantage of this primer is to extend the lifetime of Jota-shield Thermo and prevent
the paint from cracking throughout the years. The included sheets in the appendix
chapter are technical data from Jotun about this Thermo shield protecting coating. [10]
Sika is considered another big company in the Middle East, and it has many
branches in Egypt. Many projects are using Sika as a supplier for their building
materials. New Capital project is one of these big projects that are dealing with Sika in
their building materials. More details will be presented in the new capital chapter in the
paper. [16]
FOSROC is another approach, yet wider than Jotun as this company is a foreign
company. Middle Eastern projects are using its materials, such as Al Haram Al Makky
in Saudi Arabia. It has protective coatings, as well with its technical data sheets for
residential buildings. [16]
Dekguard S is a protective coating product for any structure type and it is used
for new buildings. In fig. 29, It shows the product which is categorized in FORSOC
under protective coatings. It has advantages as protective coatings from different
materials: [16]
•

Excellent barrier to carbon dioxide, chloride ions, sulphates, oxygen and
water.

•

Allowance of water vapor to escape from the structure.
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•

Highly UV-resistant aliphatic acrylic gives exceptional resistance to the
effects of long-term weathering.

•

Highly durable in all climatic conditions.

•

Wide range of decorative colors and excellent resistance to dirt pick-up.

Another marketing tool for protective coatings is a construction management
services companies. They offer the most appropriate protective coatings according
to the building classification. Greenman Pedersen Inc is a construction management
services company which has a specialized technical department for protective
coatings. This company plays a role of a consultant in the project management chain,
as they are providing the parties with the most suitable protective coatings with a
reasonable budget. [8]
3.5.1 GUARANTEE AND STORAGE
As Thermo-Shield is widely spread because of its flexibility. This makes its
quality a guarantee for the clients. “Our guarantee and liability are restricted to the
quality of our products at the time of acceptance of the customer of such products. In
no case shall our liability extend beyond replacement of defective products, if any,
found at the time of acceptance. For all deliveries and services, our General Sales
Condition including warranties stipulated for each case is valid". Thermo-Shield should
be stored in a cool and dry place. Its mortar will be remained utilizable for 9 months
from the date of manufacturing. [13]
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Figure 29: Dekguard S Protective
Coating and its Data Sheet. [16]

59

CHAPTER 4: EGYPT AND ENERGY CONSERVATION
POTENTIAL FOR ENERGY RESERVATION IN EGYPT
New Egyptian Administrative Capital
Although protective coatings are not well known in Egypt, new projects have been
started to employee protective coatings for energy savings in their specification. This
gives a positive indication for the coming years in Egypt. Especially, Egypt like other
countries, has started to suffer from high rates of energy consumption and high living
prices. This initiative is likely to be popular at this time in specific, because people will
start to look for other alternatives to reduce energy consumption and costs. There are
finished projects which have used such coatings, such as Smart Village. They are a
complete complex for commercial and educational buildings; it has received the LEED
certification for applying Green concept. The second coming complex/district which
applies coatings for energy saving is the New Egypt Administrative Capital; this project
is located in Fifth Settlement in Cairo. "This new capital city will be a Smart City, and
it will embrace an ethos of sustainability born from Egypt’s tradition. The new capital
will take advantage of the sustainable technologies of today as well as be adaptable to
future technologies, further enhancing its resource-efficiency." [17]
It is an under-construction project which has the merits of sustainability and energy
saving concept included in its design concept and project specifications. Fig. 30 shows
the location of the project and how it is accessible to the surroundings area. [8]
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Figure 30: New Egyptian Administrative Capital Location. [8]
Functions/spaces inside the complex: [8]
•

Residential neighborhoods areas

•

The Green River

•

Regional investment areas

•

Special projects

•

Mixed-use areas

•

Aero City and International Airport

•

Green and open areas

•

The city's main roads
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Figure 31: Master Plan of New Egyptian Administrative Capital Location. [8]

New Egypt Administrative Capital will be the future for Egypt; fig. 31 shows
its master plan. It is considered a self-sufficient city where all investments, ministries,
services and social life are incorporated. Fig. 32 is a 3D simulation of the proposed final
product. For the purpose of this research, the scope of the study focuses on the
residential part, as shown in fig. 33. The space is designed for luxury social life. It is
divided into districts and villas. The first constructed districts in the New Capital are
the residential districts. Each district has its own subcontractor taking the responsibility
of constructing and finishing the apartments (By Investigator-Site Visit).

Figure 32: 3D Simulation of the Project. [8]
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Protective coatings are taken into consideration through two approaches. The
first one is applying protective coatings in basements and underground structure. The
second approach is applying protective coatings on walls and roofs, which is the main
scope of this study. Sika is the building materials’ importer to the new capital project.
Tests and Data sheets are included in each material which is being used or even taken
into consideration. (By investigator, site visit).

Figure 33: Residential Zones in the Capital Cairo. (By Investigator
from Site)
Table 11: Contracting Companies for the Residential Sector in the Capital Cairo. (From
Site)
.
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Figure 34: Apartments of the Residential Area. (From Site)

Figure 35: On Site when all Blocks are still under Construction. (By Investigator)
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Figure 36: Residential Units on Site. (By Investigator)
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Fig. 35 and fig. 37 show the group of residential buildings. In this phase of the process,
construction is complete, and the finishing phase is in progress. This is illustrated in
fig. 36, the finishing materials work, as a sample for the final output. While walking in
the site, it is noticeable that the contractors are following the vision of the whole project,
which is sustainable environment. For example, hollow blocks concrete is used during
the construction process as it reduces the amount of concrete used in the project, as
shown in fig. 35. In addition, underground protective coatings are implemented in
underground piles and water pipes as illustrated in fig. 38.

Figure 37: Semi-Finished Materials on One of the Residential Units. (By Investigator)
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Figure 38: Insulated Pipes in the Site; well coated infrastructure. (By Investigator)

Figure 39: Concrete Hollow Blocks. (By Investigator)
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Second Visit (2 months later)

Figure 40.: A Complete Desert in Some Locations Figure 41: Construction Process has been
started and some areas are done. (By
in the Site. (By Investigator)
Investigator)

In the second visit, more units were painted, and by the end of 2017, 2000 units will
be finished. As it is illustrated in fig. 40 and fig. 41, it is still a desert area, yet main
elements of infrastructure are in its way to be done. This takes the project into a more
developed phase, which is clear in fig. 42, how the desert is transforming into an
inhabitant. The outside form of the buildings responds to the outside surrounding
environment; Shading devices and private units in each block are implemented. Also,
the project creates a green court between the units for better air ventilation, as shown
in fig. 43 and fig. 44.

Figure 42: Clear Transformation to the Desert in 2 months. (By Investigator)
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Figure 43: Desert Transformation in the Site. (By Investigator)

Figure 44: In between Courts and Green Areas. (By Investigator)
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4.1 ECONOMIC ASPECT
The costs of applying these coatings are considered affordable. The advantage
of these coatings is to offer reasonable cost recovery period; as durability of the product
makes it last more. For the roof coatings, "re-painting for maintenance reasons, then
choosing a high quality, low LCA solar reflecting paint is an obvious smart choice
especially in sunny, Southern European cities". Also, “Given the overall building stock
energy consumption average of some 200 kWh/m2across Europe (residential and nonresidential) and possible heating/ cooling cost savings of 40%”. Table 12 illustrates the
energy efficiency programs in Egypt as one of the selected countries. [20]

Table 12: Industrial Energy Efficiency Programs in Selected Countries. [20]
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Another important point to be taken into consideration is that the financial
benefit is not the only actual benefit people get, it is also the increased value of the
apartments, durability of the apartment and health of occupants. "The cost / benefit
equation of an energy efficiency building refurbishment depends very much on local
conditions, which can impact both on the investment required (depending on labor
costs, taxes, permits, cost of capital) as well as the incomes / benefits generated (energy
savings in terms of KWh per m2/ year, cost of kWh in Euros, energy mix applied (gas,
electricity, nuclear, oil or renewable)". All these factors should be counted as
advantages for using coating for saving energy. As shown in fig.30a, the economic,
social and environmental aspects are a continuous loop which affects each other; the
environmental is through minimizing the use of non-renewable energy (fossil fuels)
used in the electricity systems. The economics aspect is through minimizing electricity
consumption and maintenance. The social is through protecting the community from
this pollution, and get used to act Green. [1]

Economic
Aspect

Social
Aspect

Environmental
Aspect

Figure 45: Three main aspects for Energy Saving Concept . (By Investigator)
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Labor

Cost
Recovery

Material
Material Cost `

Logistics
(transport
ationfood)

Time

Figure 46: Cost factors for Energy Saving. (By Investigator)
The material cost is divided into five factors, as shown in fig. 30b. Skilled labor
is highly needed in order to do the work right. Moreover, this point is solved because
the companies are training the contractor labor on how to implement protective coatings
on the building. Logistics is considered the same as any other work. Labor has certain
pricing in the market as it is shown in the appendix chapter; some cost analysis for
residential blocks in the new Egyptian administrative capital. This is applied also on
the time factor; there are certain square meters that should be finished per day. So, the
material cost and the cost recovery are the two factors which complete each other. The
material cost is more expensive than the usual coatings, yet it is a reasonable price
related to the long-term advantages of the material.
•

Less Maintenance and more life time

•

Less electricity consumption

•

Less consumption of fossil fuel (nonrenewable energy)

•

Less maintenance cost
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The difference between the usual coatings and the protective coatings for each square
meter: As referred to in table 11 for a finished seven floors/residential building in the
New Egyptian Capital.

4.1.1 LIFECYCLE COST ANALYSIS APPLICATION
This section will introduce the lifecycle cost analysis procedure. The aim behind
this analysis is to analyze and calculate the differences in the cost between the
conventional paint and “thermo-shield” as a thermal insulation material under the
category of protective coatings. This cost analysis is implemented on one of the
residential buildings in the New Egyptian Administrative Capital as it is the actual case
study of the investigation. The total area of the exterior walls of one floor in a sevenfloor building is calculated to get the costs of labor, maintenance, walls per square
meters, the initial cost, the running cost and the total lifecycle cost of each of the
conventional and thermal material. The value of money is calculated as a consistent
factor to the present value of money. In addition, HAP simulation is used in order to
get the differences in the energy conservation on the exterior walls based on certain
parameters which will be stated later in this section. [24]
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Table 13: The Main Factors Affecting Cost Recovery of Protective Coatings and the
Conventional Coating for Residential Buildings in 2017 (By Investigator).

Conventional
Coating

Protective Coating

Constant Factor

Constant Factor

Labor

Fixed Factor

Fixed Factor

Finishing Time

Fixed Factor

Fixed Factor

50%

100%

Running Cost

Higher 30%

Less 30%-40%

Maintenance

Each 7- 10 year

Each 15- 20 year

Main Factors
Value of money

Initial Cost

Maintenance each
Quality

Maintenance 15-20years
7-10 year

Price per m²

70-100 LE/ m²

200 LE/ m²

20-30%

Up to 80%

Energy Conservation

Table 13 illustrates the constant factors and the variables which will be applied
in the following lifecycle cost analysis for both of the conventional coating protective
coating (thermos-shield). As it is shown in table 15, the total costs of both of the
materials are almost similar. The obvious cost difference is the initial cost which makes
people avoid using such an approach for energy conservation. This was the same
situation of the national precedent, Al wardan when applying the ecological system,
and it was implemented through applying energy conservation approaches as elaborated
earlier in the paper. Table 14 reflects the guidelines of the ecological system and its
wide approaches. This gives a potential for such energy conservation approaches to be
implemented more widely in Egypt.
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Lifecycle Analysis Consistent Factors:
•

Software program for 3D model simulation: HAP Inputs
-

Exporting 3D building model with different orientations.

-

Plotting wall cross sections.

-

Using Cairo weather as an input data.

-

Plotting August as the time of the year.

-

Plotting thermal resistance value 0.1016 m²k/W (Referred to in
the thermos shield material data sheet).

-

Thermal conductivity value a 0.1055W/ (Referred to in the
material data sheet).

-

Plotting human thermal comfort in summer= 78 °F= 25.5 °C,
winter= 68 °F=20 °C.

-

U value= 0.4 watt/m2 is recommended for East and West walls.

-

Having fixed ratios between the relation of window to wall.

-

HVAC operating hours through the year = 4000 hours.

Standard Equations:
•

1 TON= 12000 BTU/hr. (for block works and hollow block)
-

BTU= British Insulation Unit, the amount of energy required to
heat or cool.

-

Total external energy consumption= 25% of the total heat gain
of the building.

•

T(°C) = (T(°F) - 32) / 1.8
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•

U (overall heat transfer) = 1/R total (thermal resistance) W/ m².K
-

R (Insulation)= 2.29 (K. m²/W)

-

R (Concrete)= 0.35 (K. m²/W)

-

R (Outdoor air film) = 0.04 (K. m²/W)

•

Thermal Conductivity (k) = Q/T times 1/A times x/T

•

Q =U × A× (tb - ti)
-

U= overall heat transfer coefficient of the surface.

-

A= Area of Surface.

-

T= Temperature differences of the surfaces.

•

Monthly Electricity Consumption: KW/hr.=0.65 LE.

•

Total Cooling Load= total space load components for exterior walls= total space
sensible load +total space latent load.

•

Total Cost= (total cooling load/number of tons/12000 BTU)× 9000 LE.
Table 14: Design Guidelines for ecological systems. [4]
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Table 15: A Cost Analysis Study of a Seven Floor Residential Building in the New
Egyptian Capital.
Input
Initial Cost
Labor
1 Labor per day
Number of labor
Total labor per day
Productivity
Labor per m2
1 Bucket of coating
Productivity
Total material per m2
Total cost per m2
External finishing per floor
Number of floors
Total External Finishing
Total Initial Cost/ per floor
Total Initial Cost
Maintenance Cost
Cost of maintenance
Maintenance cycles
Lifetime under study
Number of maintenance times
Total maintenance cost/floor
Total maintenance cost

Conventional Paint
LE/m²
100.00
6,000.00
LE/Month
200.00
LE / day
workers
5.00
LE / day
1,000.00
m²/day
100.00
LE/m²
10.00
LE / Bucket
5,000.00
m²
50.00
LE/m²
100.00
LE/m²
110.00
675.00
m²
7
floors
4,725.00
m²
LE/m²
74,250.00
LE/m²
519,750.00
3,742,200.00
LE/50 year
623,700.00
LE
7
years
50
years
7.142857143
times
LE
636,428.57
LE
4,455,000.00
Operational Cost
432,000.00 BTU/hr
(324,000.00)
LE
0.204
0
BTU/floor
131,040.00
LE
1,273,718.57
LE
8,916,030.00
LE

Protective Coating
Notes
200.00
LE/m²
Fixed factor
6,000.00 LE/Month
200.00 LE / day 6,000 LE/m2 Monthly salary
5.00
workers
1,000.00 LE / day
100.00
100-120
Range
m²/day
Fixed factor
10.00
LE/m²
10,000.00 LE / Bucket
50.00
m²
200.00
LE/m²
Labor + Material cost
210.00
LE/m²
675.00
m²
7
floors
Total Finishing for the whole reide
4,725.00
m²
LE/m²
141,750.00
LE/m²
992,250.00
4,762,800.00 LE/50 year
1,190,700.00
LE
15
years
50
years
3.333333333
times
LE
567,000.00
LE
3,969,000.00

Total Cooling Load (Q)
378,000.00
Total Cost /floor
283,500.00
U factor
0.0408
External Energy Saved
54000
Total Running Cost
114,660.00
Total Life Cycle Cost/per floor
1,201,410.00
Total Life Cycle Cost ( 7 floors)
8,409,870.00
Note:
- This resdiential building is taken from an actual exterior walls' floor area in the New Egyptian Administrative Capital.
- Total external energy consumption= 25% of the total heat gain of the building.
- The External Energy Saved = 54000 BTU/floor= 4.5 ton---> 50% saving
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1) Total area of the exterior
walls for one floor= 675 m²= 36
tons/4 units per floor= 9 tons per
BTU/floor one single unit.
2) 25% of 36 tons= exterior walls
LE
energy consumption= 9 tons= 4.5
LE
tone ( 50% saving)
LE
3) 1 ton= 9000 LE= 12000 BTU
(block work-hollow block)
4) Q =U × A× (tb - ti )
5) KW/hr= 0.65 LE

BTU/hr
LE

Figure 47: Money Value Affecting the cost feasibility of Normal Paints and
Protective Coatings. (By Investigator)

Figure 48: Running Cost Vs Initial cost for each of Normal Paints and Protective
Coatings. (By Investigator)
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Figure 49: Value Assumptions for the differences in the costs payed for both of
Normal Paints and Protective Coatings. (By Investigator)

In the previous figures and tables, there is a clear difference in the costs between
normal paints and protective coatings. The two main obvious factors are the running
costs and the initial costs as shown in fig. 48. The initial cost of the normal paint is less
than the protective coatings by 50%, as shown in the life cycle analysis in table 15.
However, the running cost which is more demanding than the initial cost, is much
cheaper in protective coatings, as shown in table 16. This is because the maintenance
life cycle of protective coatings ranges from 10-12 years; while normal paints is
between 4-5 years. This concludes that quality and monetary value of protective
coatings achieve the concept of energy conservation in the construction industry; as
shown in fig. 47 and 49. Table 16 and table 17 are an actual residential building cost
analysis in the New Egyptian Administrative Capital.
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Table 16: Total Finishing Costs in A Residential Building Located in The New
Egyptian Capital According to the Total Area Per Meter Square.
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Table 17: Insulation Finishing Materials Along the Residential Unit.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS
5.1 CONCLUSIONS
Based on the literature review, site visits, and analysis, this chapter provides a summary
of key findings of the study with key conclusions addressed as well as recommendations
for future work and considerations by the construction industry.
1- Energy consumption rates are increasing due to misuse of energy resources,
which has led to a depletion of nonrenewable energy; fossil fuel consumed
78.4% of the total world energy consumption in 2013.
2- According to the Indian Forum study in 2012, Air conditioning systems
counted for 57% of the overall consumption of energy in buildings, and the
residential building sector represented 34% of the final electricity
consumption.
3- The residential and commercial sectors are responsible for more than 50% of
the final energy consumption in Egypt as it faces an electricity shortage
because of the high-energy consumption.
4- Green house structure is one of the techniques that address insulation
materials as a category of the building envelope in energy efficiency, which
has its own specifications for energy conservation in buildings.
5- Effective protective coatings should be considered as the buildings’ external
wall paint acting as a building envelope; it is one of the smart methodologies
for energy conservation. Many people are not well aware of its advantages
and long-term merits.
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6- These protective coatings can last up to 20 years and have various colors,
which gives the product flexibility in its usage.
7- According to CEPT university in India, after applying insulation materials,
reduction in heat through roof was achieved by 90% and through walls by
70%.
8- Thermo-Shield and Nu-Guard NRG Energy are categorized as efficient
Protective Coating Systems. There are two types of Nu-Guard “NRG”
systems, which are the clear and the color system. This concept provides the
client with more varieties to choose from. It adds an artistic sense to their
selection which encourages people to choose them for an environmental
approach and an artistic approach.
9- Nu-Guard systems are being used for the exterior and interior walls as a
protective coating. They are being tested based on their usage both inside and
outside. Also, they are mainly designed to reduce electricity consumption.
This system is applied on the residential, commercial and industrial
buildings.
10- “Thermo-shield” is considered heat insulated mortar with high quality; it is
designed for interior and exterior solutions, reducing heat transfer up to 80%,
so, it maintains cooler temperature for the units. Thermo- shield has its own
thermo-shield binder which enhances the energy conservation efficiency
outside the building.
11- Protective coatings data sheets show how these coatings can save up to 80%
of energy consumption. (these data sheets are referred to in the Appendix
chapter in this paper).
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12- Product initial cost is a crucial factor for clients; however, its cost recovery
can act as an incentive for the sake of durability, flexibility, less electricity
consumption and less maintenance. Thermo-shield is considered a new
product which is available on a limited scale in the market; that’s why it is
expensive as any new product in the beginning, and the price will go down
by time. This was similar to Al Wardan Institute precedent in Egypt which
the initial cost acted as a limitation, yet the approach of energy conservation
got implemented in the institute, and the amount of energy saved was more
than 40% of the conventional approach.
13- The simplified lifecycle cost analysis which was conducted in this paper
elaborates the feasibility of using thermo-shield as a thermal insulation
material and its value-added money.
14- Based on site visits, the New Egyptian Administrative Capital is the second
mega project in Egypt after the Smart Village, with energy conservation as a
vision from its beginning.
15- The New Egyptian Administrative Capital mega project is targeting energy
conservation concept through construction and architecture approaches.
Thermal insulation materials are one of the initial approaches which are
implemented in their projects.
16- More than 2000 residential buildings are completed in the New Egyptian
Administrative Capital using conventional materials on the exterior walls. A
case study of a residential building in the new capital is being conducted in
the paper.
17- Based on the cost analysis and the suppliers’ bidding of the materials in the
residential zones, the New Egyptian Administrative Capital is effectively
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seeking efficient materials according to their building classifications with a
consideration of the proposed specifications and costs. (costs and data sheets
provided in the appendix chapter).
18- These initiatives pave a potential for implementing protective coatings, such
as thermo-shield in the New Egyptian Administrative Capital. There are
some limitations which make the new capital not seeking more efficient
approaches towards energy conservation. Lack of awareness and high initial
cost are the two main reasons which limit implementing more effective
approaches. This can be done through the following:
•

A coordination between the construction industry, the chemistry industry
and the government should be achieved.

•

Lifecycle cost analyses for protective coatings and their cost recovery vs
electricity consumption should be conducted.

•

Thermo-Shield is considered one of the most appropriate protective coatings
to be implemented in the New Egyptian Administrative Capital, as they fit
with the buildings classification of the residential and commercial functions
inside the complex.

•

Technical data sheets from the chemistry industry should be conducted for
efficiency and documentations.

•

Project monitoring is needed to ensure that the project achieves the expected
environmental benefits and monitor the project progress throughout its
phases.

•

This will make the New Egyptian Administrative Capital is the pioneer in
applying protective coatings in Egypt seeking energy conservation and
raising the awareness towards energy conservation.
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•

Having a new construction service in the construction industry which are
specialized in implementing protective coatings can increase the demands
to apply energy conservation and enhance its market in Egypt.

5.2 RECOMMENDATIONS FOR FUTURE WORK
1- More available data sheets about the chemical ingredients of different types of
protective coatings should be widely available for a public access in order to
have a wider market for these coatings.
2- Additional testing on protective coatings’ materials in real buildings and
calculating the amount of energy conservation should be encouraged in Egypt.
3- Durability tests of protective coatings are needed for clients to have more trust
towards the product.
4- Although protective coatings are efficiently successful within the materials’
market and the construction industry, there is no publicity or talk about it like
the other insulation materials, such as fibers and thermal panels.
5- There should be a detailed cost analysis in order to reflect the efficiency level
of such products according to its costs.
6- Most of the provided national precedents are tackling the concept of
sustainability and thermal insulation materials; however, protective coatings are
still unpopular in the construction and architecture industry.
5.3 RECOMMENDATIONS FOR THE CONSTUCTION INDUSTRY
1- Raising the awareness about energy conservation through seeking Green
approaches and highlighting their impacts.
2- Keeping updated with the approaches of Green concept and sustainability, not
just following the usual known materials is needed in Egypt.
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3- Sitting a minimum rate of energy conservation for buildings in the construction
industry based on a Green concept, especially as non -renewable energy sources
are depleting.
4- Promoting options for customers seeking these contributions between the
government and the construction industry in Egypt.
5- Using cost recovery as an attractive marketing tool for energy conservation
users, such as less electricity consumption and less maintenance.
6- Pursuing fossil fuels usage minimization; Construction industry is a high rate
energy consumption sector. Protective coatings are a smart alternative rather
than high nonrenewable energy consumption.
What will make people have the motive for energy saving approaches?
•

Less Electricity consumption

•

Product Durability

•

Less maintenance

•

Government Regulations

7- Having companies that can offer consultant services in protective coatings in
Egypt can encourage the industry to choose the most appropriate protective
coatings based on the building classification and the project scale; GreenmanPedersen Inc (GPI) is an example of a construction company located in New
York.
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8- While the savings between the conventional and thermos shield coating in the
lifecycle cost analysis are not initially very high, yet it is very promising
depending on two main factors:
-

Initial costs of new products expected to go

-

Fossil fuel prices is expected to be high because of its
high demand in the market and being a non-renewable
energy source.

9- It will be a positive initiative if people are willing to use these kinds of coatings.
We are dealing with two main sectors. The first initiative comes from the
government by sitting regulations for both of the contractors and the residents
to use certain coatings for saving energy. For the contractor, this will have a
strong impact if the contractors are abiding by regulations to select appropriate
coatings in their projects' specifications. For the owner (residents), lowering
electricity consumption will be a strong incentive encourage them applying such
a smart technology.
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APPENDIX
APPENDIX A

These documents are related to the specifications and the cost analysis of the
new Egyptian administrative capital. Also, these have documents related to the data
sheets and safety sheets of the protective coatings from subcontractors, and how it saves
a reasonable amount of energy. These papers are all being referred to in the paper.
In section A, these documents are the cost analysis of one of the finished
residential buildings (one block). It illustrates the pricing of coatings’ work by meter
per day. It gives an estimate price for the following:
•

Paintings’ work

•

Flooring

•

Coatings

•

Concrete blocks

•

Labor

•

Insulation

•

Contractors for each sector (steel, paint, flooring, etc.)

•

Each single construction work in the residential block.
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APPENDIX B: PROTECTIVE COATINGS DATA SHEETS
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APPENDIX C: OTHERS

This is insulation and proofing work in the New Egyptian Capital. It is like a
tender between two agencies for buying an efficient proofing material with a reasonable
price. It reflects the concept of the New Egyptian Capital, which is about energy
conservation and smart cities.
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